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Introduction

The purpose of this compilation is to provide a ready means of identi-

fying the named n(mdimensional numbers that are used in tile various

technical areas. The eonlpilation probably contains most of tile named

nondimensinnal numbers that might be encountered. It also contains a

few unnamed numbers that seem to be frequently used in certain felds.

No claim to completeness is made, since the eompilalion represents

mainly the "private collection" of the auttmr rather than the result of

an exlensive and systematic search of the technical literature. In order

to allow for expansion by each user in his particular field of interest,

generous page margins have been provided, ahmg with several blank

pages (pp. 106-114).

In this eompilalion, the mmdimensional numbers are listed in alpha-

betical order. (The few that are unnamed are designated as "'No Name"

and listed under N.) Each is defined in terms of common physical

quantities, the dimensions of which are also given. In addition, wherever

pertinent, the nondimensional number is also defined as a ratio of similar

quantities le.g., Reynolds number_pressure force/viscous force).

The typical field of application is usually included, together with any

additional remarks or clarification thal may hell) the user. Finally, a

reference is given to some source in which the number is used. This

s_mrce is not necessarily the most basic one with regard to the number,

htlt it should, through its own literature citations, serve as a starting

point for further study.

The bibli,,graphy contains a short list of general references in the

theory _d" modeling, dimensions, and units. The terminology and sym-

bnls used in tim referenees, whicil frequently represent normal usage

in the particular field, have been altered in some cases in order to

pr_wide uniformity of notation in the present compilation.

A small index fin which tile nondimensi,,nal numbers have been

grouped according to area of appJieatinn) ahmg with the references

and bibliography appear after the compilation of nondimensional

numbers.
SOME QUANTITIES AND THEIR DIMENSIONS

The EdhJwing table lists the varimls quantities that are used in tie-

fining the nnndimensional numbers. The dimensions of these quantities



2 A COMPILATION OF NONDIMENSIONAL NUMBERS

are given in the so-called physical system. In this system, the basic
mechanical dimensions are: mass, rn: length, (: and time, t. For thermal

quantities, it is necessary to add temperature, T: and for electrical

quantities, electrical charge, Q, is added. If quantities involving lumi-

nosity should be needed, the dimension of lumin_us intensity would be

a possibility for the necessary additional dimensions.

Other dimensional systems than the physical system are given and
discussed by Weber in Eshbach's "Handbook of Engineering
Fundamentals."
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N(iNliI_IF:N_I()_:\I, _t _,11_.1,,1_ 9

ACCELERATION

t_+'t,,bulk nliidulu+ ,,t + fluid, raft l'-'

tJ. lil_l+._ <ten._ity, .Uf :_

K. l_ra','itali_ln_tl a_'_'_'l<_ralillli, ttt _

V, ab._lduh" "tri_(tli_iiy, ltlft t

'\ u_'l,l_!i'_th!d fl.w

ALFVEN

I;, fl_iw ,_l}e<_d, I II

F'low _t:'_'_'d

l"(p/z)_ :_

/x,, rna_nelh' p_-rnl_,abiliiy, mt 1(2'_
B, llii3_llf, li(! illdli('lil_li. 171/0I

_llaTn_g<diyd r_td y na nii_'_

Rid'. 2



10 A C()MPILATION OF NONDIMENSIONAL NUMBERS

ARCHIMEDES

Buoyanl force
Viscous force

g ¢ :_Ap

/91 '2

g, gravitational acceleration, ¢ /t"-

(, length, ¢

A/9. mass density difference, roll :_

/9. mass density, m/(/3

v, kinematic viscosity, (z/t

Tw_J medium flow, fluidization

Ref. 1

ARRHENIUS

Activation energy
Potential energy

E,,

RT

E,,, activation energy, (-'It-'
R, gas constant. ¢ -'/t'-'T

T, temperature, T
Reaction rates

Ref. 30



NONDIMENSIONAL NUMBERS 11

BAGNOLD

Air drag on particle
Weight of particle

3Cl_p:y'-'

4dpl, g

C_:, air drag coefficient of particle, l

p:j, mass density of gas, m/¢ '_:_

V, velocity of gas, (:/t

d, particle diameter, c_

p_,, mass density of particle, m/[ :_

g, gravitational acceleration,//t "z
Wind erosion of soil

Saltation

Ref. 32

BANSEN

Heat radiated

Heat capacity of fluid

hrA

QmC

hr, radiant heat transfer coefficient, m/PT

,4, area, t 2

Q,,, mass flow rate, m/t

c, specific heat,/'-'/t'-'T

Radiation from flowing fluid
Ref. 30



],._ \ (I(.)\II>II+VI'I()N ()F" N<)NI)t'x.tt£N_Iq)% %1. Xi '-,II_FI,t_

BINGHAM

_J

/ . t.har._t_'It.ri_tiq' t++_1_th. ,'

y.. +tl,s,dut_ + ",+<+',+._it,+itl l,la:-lic sial< +. m// I
1. ,,('l,)<'it',. //+'

l"h)',', +)I"I)kt_<ti_'+

k_guab, l l_.d>tr,,tt 2

lhfl. 29. dq+f+l+ilh_tlq+n[y

BIOT (heat transfer)

lh'at tt,_lllsJ_'r I_,,d_ t_, lluht

tleat tnan+f_'r v, ithit_ b_+<t_,

/,

h. h<'_H It_iu]_i,'r _._,,Ili('ilmt, +',/t:+7 '

_' , (.]+_++t_t_'l,'ri_Ii( + h.N_th. ,'

/,. h_'_tt ,',,udu<ti,m _+_d:li<i_'nt ,+_'/I:+7 '

"['eltll+,_.r_tlut,.. ,[i:.r-.ttii,._llh,tl ,d" ilt_t+n+_'t'+,_'_l b,,Iv

l'_qmd,_ X, U+"-,+it

lh't'.I
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BlOT (mass transfer)

_iass [ransf_'r rate al inlert'ave

Mass lransfer rate in inlerim" of wall

Di,,t

//,.. ill;tSS lr_tnsl't'r r;.llv. //!

/. wall lhi,'knt'ss. /

/)i,,t, nuts,, dit]'nsivil', _lt inter(ace. / 2//

M;tss [r;/nst(.r l,e[vv<.en th,id and s,)lid

Rvf. 2_(i

BLAKE

Inertia for(w

k' is('()us f()r(w

pV

_(1 --e)S

p. mass (h,nsily. m/( :_

l', v('h)city, (/t

/x. abs()lul(' vis(_()sily, m//t

e, v()id rati,), v()lum(. ,)f v,)i(ls/v()lum(" ()f s()li(Is. 1

H. ar(.a-',,()lum(, rati()()f l)articlvs. 1//

t"h,w in t)ar/i(4(" I)('ds

A m()difi('d R('yn()l(Is Numi)('r
R('f. 29. dvfinili()n ()nl._

445+35f 0 - 72 2
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BODENSTEIN

A COMPILATION OF NONDIMENSIONAI. NUMBERS

Bulk mass transfer

Diffusive mass transfer

Vt

D

V, velo¢:ity, t/t

f, reactor length. (

D, axial mass diffusivity, (2/t
Mass transfer

A special Pc_'let Number
Ref. 30

BOLTZMANN
Bulk heat transport

Radiative heat transport

p%V

e_T :_

p, mass density, m/_ 3

%, specific heat at constant pressure, t_"-'/t"T

V, velocity, ¢ /t

e, surface emissivity, 1

_, Stefan-Bohzmann constant, m/T4t 3

T, temperature. T
Radiation

Equals Thring
Ref. 30



NONDIMENSIONALNUMBERS 15

BOND

Gravity fi)rce
Surface tension force

p_2g
or

p, mass density, m/t _3

t_, characteristic length, ¢_

g, gravitational acceleration, _/t 2

o', surface tension, m/t 2

Capillary flow, sloshing

Equal to Weber/Froude

Equals Eiitv6s
See Deryagin

Ref. 16

BOUGUER

3CI, hr

4pl_R

C1,, mass of dust/bed w)lume, m/g '3

X r, mean path length fi)r radiation, g

p1>, mass density of dust, m/, +':_
R, mean particle radius, _+

Radiant heat transfer to dust laden gas
Ref. 30
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BOUSSINESQ

Inertia force

(;ravily I',_rcc

1

(2#m )'-'

1'. velocity. //t

#, gravilati,nal accclcratim . /...'t'-'

m. hydraulic radius. '_reltcd _'rqJss _m'liqm arca/_..clh'd I_,'zimehq ". /

'_'avcs in ,q_en channels
A ,re.tiffed lqoudc Number

Rcf. ::>9.dcfinilion only

BRINKMAN

Ileallm.hmcd by visc,,us dissipati,m

Ileal lranspmh'd [_r m,dccula_ c,,mlucli,m

I,T

#, abs,duh' _isc_,sily, m//t

l'. V('l(ll!ily, / /l

/_', heal c_mduclivity, m(/taT

T. Icmpcralurc, T

\'is('lnls fl(_w

I{.cf. 1 I
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BUBBLE NUSSELT

qD
i,.W'

q. heal flux. tlealfarea time. roll :l

/). ])ullt/le dianieler, t

k, heal emldticiiviiy o|" liquid, mt It:iT

i_7', ,_lllface tenilieralliro Ininu,_ ._altlralion leliilieratul'e, 7"

I/oilhl_

I_'t. I0

BUBBLE REYNOLDS

D(;

I), huhLtle dialneter, t

/z. all,_dute viscosity, m/ft

Tr

(; _ I):lp,/It. m/i"t

p,., llias._ density of vapor mlt :_

f, t'requell¢'y _lf t)wlnalion, lit

i'l. nuliil)or of lltleleation eentt'l's/area, 1]t '-'

Boiling

Ilet'. I0
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BULYGIN

A COMPILATION OF NONDIMENSIONAL NUMBERS

Heat to vaporize liquid

Heat to bring liquid to boiling

Heat transfer during evaporation

Ref. 29, definition only

BUOYANCY

Buoyant force
Viscous force

(z WflAT

(, characteristic length, d_

W, weigim mt"/t "z

/3, temperature coefficient of volume expansion, 1/T
AT, temperature differential, T

/x, absolute viscosity, m/(t
V, w_lume, {:_

V, velocity, _/t

Convection. buoyancy
Ref. 16



NONDIMENSIONAL NUMBERS 19

CAPILLARITY !

Capillary fi)rce
Fihralion force

o-k_lZ

gV(

or interfacial tension, m/t 2

k, permeability, _2

#, absolute viscosity, m/d't

V, velocity, (/t

(, characteristic length, d'

Two phase flow in porous media
Ref. 21

CAPILLARITY 2

/z, absolute viscosity, m/(t

a, sonic speed,//t

or, surface tension, m/t'-'

Action of surface tension in flowing media
A material property

Similar to Capillary
Ref. 30
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CAPILLARITY-BUOYANCY

gp_

[)tT:;

_. gravilati,,nal a¢'¢'clerati.n, t//_

/x, absolute vis<'osiiy, raft t

p, mass dc/lsily, m/i ::

_r, surt'ac_ t¢'llsi_)ll, ln/t-'
Effe+.'ts of sttrfa*'," I(+nsion and a<:('el,qalion <m two phas(" tt.w

Ref. 30

CAPILLARY

ViSC()IIs t'l pl't+¢'

_tll'J';.t('t" lt+tlsi_n t'_,t('t'

fT

/.t. absolute vis,',,sity, m/( t

t', veh.'ity, r/t
iT, ._llrfac¢' t¢+nsiq_ll, m/t-'

I+iquid fl.,,v in f_articulate beds
Similar I- ('.upillurit_, 2
Ref. 2q. d¢,tiniti,m ¢mh



NONDIMENSIONAI. NUMHEHS 21

CARNOT

T2 - TI

T2

T.:, _,Otll+C(+ [_+tnl)(q-_tttll+<+, T

T;, sink tetnt>erattJre, T

(_arnot cycle thermal efli¢'iency
Ref. 30

CAUCHY

Inertia force
Elastic force

V _

(1"

V, speed, //t

++,sonic speed,//t

Compressible flow, equal to (Mach) _
Ref. 2
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CAVITATION

Pressure margin

Dynamic pressure

p, local static pressure, m/('t'-'

p,., fluid vapor pressure, m//t'-'

q, dynamic pressure, pV'-'/2, m//t'-'

p, mass density, m/d _3

V, velocity, ¢/t

Hydrofoils, nozzles, pumps, see Thoma

Ref. 2

CENTRIFUGE

p, mass density, roll '3
R, tank radius, _

h, liquid depth, d

co, angular velocity, lit
tr, surface tension, m/t"-

Slosh

Ref. 4

Centrifugal force

Capillary force

pR '-'h to-'
(3"



NONDIMENSIONAL NUMBERS 23

CLAUSIUS

kAT

V, velocity, Fit

¢_, characteristic dimension,/'

p, mass density, m/t _3

k, thermal conductivity, rn_/t:_T
A T, temperature difference, T

Heat conduction in forced flow

Ref. 30

COLBURN

Momentum diffusivity

Mass diffusivity

pD

/z, absolute viscosity, m/t_t
p, mass density, m/¢ _:_

D, mass diffusivity, t2/t

A material property, equals Prandtl/Lewis, Schmidt
Diffusion in flowing systems

Refs. 16, 13
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CONDENSATION 1

k

h, heat transfer coefficient, m / t :_T

/,, heat conductivity, m//t :_7"

/x, absolute viscosity, m//t

p, mass density, m/( :_

g, gravitational acceleration, (/t-'
Ref. 29, definition only

CONDENSATION 2

k# AT

(, characteristic length, (

p, mass density, m/¢ :_
g, gravitational acceleration, tit _

k, latent heat of condensation, heat/mass. / _/t _

k, heat conductivity, m//HT

g, absolute viscosity, m�/t

AT, temperature difference across |iquid film. 7'

Vertical wall condensation

Ref. 29, definition only
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COWLING

Velocity of Alfvbm wave
Velocity of fluid

B
V(pg ) i,"_,

V, flow speed, (It

p, mass density, rail :_

/x, magnetic permeability, mY�Q-'

B, magnetic induction, m/Qt
Magnetohydrodynamics

Equals 1/Magnetic Maeh, 1/Alfv6n

Ref. 29, definition only

CRISPATION

/x, absolute viscosity, mitt
D, thermal diffusivity, ( -'it
¢r, surface tension, m/t-'

d, fluid depth, /
Cellular convection

Ref. 26

/xD
o-d
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CROCCO

A COMPILATION OF NONDIMENSION_L NUMBFRS

Velocity
Maximum velocity

V

Vmax

V, velocity, ,_/t
Vmax, maximum velocity of gas when expanded to zero temperature,

t_/t

2 1,2

Vmax

_/, specific heat ratio, 1

M, Math number, 1

Compressible flow

Equals Laval
Ref. 29. definition only
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DAMKOHLER'S FIRST

Reaction rate
Flow rate

U_

Vc

U, reaction rate, m/e_:_t

/_, characteristic length,/_

V, velocity, F/t

c, concentration, m/t _:_

or

Translation time

Reaction (or relaxation) time

tt

tr

tt, translation time, t

tr, reaction time, t

Flowing and reacting fluids, real gases
Similar to Deborah

Refs. 7, 30
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DAMKOHLER'S SECOND

Reaction rate
Diffusion rate

Dc

U, reaction rate, m/(3t

,_, characteristic length, (

D, mass diffusivity, ('-'/t

c, concentration, tn / ( 3

Chemical reactions with mass transfer

Ref. 7, 30

DAMKOHLER'S THIRD

Heat liberated

Heat transported

%pl'T

Q, heat liberated/mass, ¢"-'/ t'-'
1/, reaction rate, m / _ :_t

/, characteristic length, /

cp, specific heat at constant pressure. /-'/t: "/'

//, velocity, _'/t

p. mass density, roll :_

T, temperature, T
Chemical rea('ti-n and heat transfer

Ref. 7, 30



NONDIMENSIONAL NUMBERS 29

DAMKOHLER'S FOURTH

Heat liberated
Heat conducted

QU( _
kT

Q, heat liberated/mass, ,_ -' / t _

U, reaction rate, m/f:)t

/, characteristic length, (

k, heat conductivity, m¢_/t-'T

T, temperature, T
Chemical reaction and heat transfer

Ref. 7, 30

DAMKOHLER'S FIFTH

p, mass density, ,n/d :_

V, velocity, ¢/t

(', characteristic length, (

/x, absolute viscosity, m/(t
Flow of real fluids

Same as Reynolds

Ref. 1

Inertia force
Viscous force

pV¢
tz

445-356 O = 72 - 3
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DARCY

A COMPILATION OF NONDIMENSIONAI. NUMBERS

Head loss Diameter
Velocity head x Length

V'-'(

g, gravitational acceleration, //t _

h, loss in head, <'

d, diameter. (

V, velocity, //t

/', length. /

Pipe flow

See Fanning

Ref. 29, definition only

DEAN

or

_r/ ×Reynolds

p, mass density, m/(:)

V, velocity, <</t

p., absolute viscosity, m/tt

¢, channel width or pipe diameter, /
r, radius of bend curvature,/"

Curved channel flow

Ref. 30



N()NI)IMENSI()N?,I, NUMtlEI{S _1

DEBORAH

Relaxation time

Observation time

Flow of thixotropie and viscoelastic materials
Similar to Damkl;hler's First

Ref. 27

DEBYE

Debye length
Probe radius

_D

(l

o

., probe radius, t (e_n_XI>. Debye length. ,_e l,'_

k, Boltzmann constant, md -'It-' T

_, permittivity of free space, Q2t"/m(3

e, electron charge, Q
n, number of electrons/volume, 1/¢ ':_

Electrostatic probing in ionized gases
Ref. 24



32

DERYAGIN

A COMPILATION OF NONDIMENSIONAL NUMBERS

Film thickness

Capillary length

(pg_,.'-'
\2tr/

(, film thickness, f

p, mass density, m/U 3
g, gravitational acceleration, t"/t'-'

o-, surface tension, m/t-'

Coating

See G_ucher. B,md, Ei;tvi;s

Ref. 30

DULONG

Kinetic energy

Thermal energy

F 2

cj, ( T_ - TI )

F, speed, t/t

%, specific heat at constant pressure, t_2/t2T

7',,-T_, temperature range of interest, T

Compressible flow

Equals Eckert
Ref. 30



ECKERT

Kinetic energy
Thermal energy

V 2

cpA T

V, velocity,/'/t

g,, specific heat at constant pressure, _/t2T

AT, temperature range of interest, T
Compressible flow

Equals Dulong
Ref. 10, 16

EINSTEIN

Magnetohydrodynamics

Equals Lorentz

Ref. 29, definition only

Fluid velocity

Velocity of light
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EKMAN

A COMPILATION OF NONDIMENSIONAI, NUMBERS

Viscous force
Centrifugal force

or

p

u, kinematic viscosity, (-'It

to, angular velocity, lit

/, characteristic length, /

/_, absolute viscosity, m/(t

p, mass density, m/# 3

Fluid in spinning tank

Magnetohydrodynamics
Ref. 15, 30



N()NI)IMENSI()NAI, NUMBI,]I{S _5

ELASTICITY!

Elastic force
Inertia force

trg
pr _

tr, relaxation time, t

g, absolute viscosity, m/(t

p, mass density, m/ ( "_

r, pipe radius, /

or

pD _

/xo, zero shear viscosity, m//t

p, mass density, m//:_

D, jet diameter, (
X, time constant, t from:

"r+ h÷ = --/xoA

"r, shear stress, m//t'-'

#, shear stress rate, m/dP

A, deformation rate, 1/t
Viscoelastic flow

Ref. 18, 30
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ELASTICITY 2

Cp

_a 2

c_,, specific heat at constant pressure, (2/t2T

fl, coefficient of volume expansion. I/T

a, sonic speed, //t

A material property

Effect of elasticity in flow processes

See Elasti¢'ity 3

Ref. 30

ELASTICITY 3

pcp

fiE

p, mass density, m/( 3

c_,, specific heat at constant pressure, /"/t2T

/3, coefficient of bulk expansion, lIT
E, modulus of elasticity, m/dt 2

Effect of elasticity on flow

A fluid property

See Elasticity 2
Ref. 30



N()NI)IMENSI()NA]. NIIMI]ER_ 37

ELECTRIC REYNOLDS

eV

qb/

E, permittivity, Q2t2/mdZ

V, velocity, d'/t

q, space charge density, Q/(':_

b, carrier mobility, speed/voltage gradient, Qt/m

Magnetohydrodynamics
Ref. 29 definition only

ELECTROVISCOUS

p_,, mass density of particle cloud, m/_ 3

E, permittivity of free space, Q"t2/mf :'

f, characteristic length,

v, kinematic viscosity of gas, ¢_2/t

q, charge, Q

m_,, particle mass, m
Charged particles in flowing gas

Electrostatic precipitators
Ref. 33
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ELLIS

/Xo, zero shear viscosity, m/(t

V, velocity, t_/t

Tw_,,shear stress when/x = _./2, m/(t z

R, tube radius, t°
Non-Newtonian flow

Ref. 30

ELSASSER

P
g_gm

p, mass density, m/_ 3

g, absolute viscosity, m/(t

at, electrical conductivity, Q2t/m('_

/x,,,, magnetic permeability, mt_/Q 2

Magnetohydrodynamics
Ref. 30
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Eowos

Gravity force

Surface tension force

p_2g

or

p, mass density, re�t( ':_

f, characteristic length, (

g, gravitational acceleration, g/t"

cr,'-surface tension, m/t 2

Capillary flow, sloshing

Equals Bond

Equals Weber/Froude
Ref. 30

EULER

Pressure force

Inertia force

P

pV 2

p, local static pressure (or pressure drop), m/_t 2

p, mass density, m/C 3

V, velocity, t/t
Pressure distributions

Equals Newton

See Fanning

Ref. 1, 16
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EVAPORATION 1

V 2

Hr

V, velocity, _/t

H_., heat of vaporization/mass, _ e/ t 2

Evaporation processes
Ref. 30

EVAPORATION 2

H_,/3

%, specific heat at constant pressure,/"-/t'-'T

H,., heat of vaporization/mass, t: "-'/t"

13, coefficient of volume expansion, lIT
Evaporation processes
Ref. 30
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EVAPORATION-ELASTICITY

Hv

a, sonic speed, (It

H,,, heat of vaporization/mass, (-'it-'

Evaporation processes
Ref. 30

EXPLOSION

F

r, blast wave radius, tr

E, explosive energy, m(-'/t _

p, mass density of medium, m/[ :l
t, time, t

Blast wave growth from instantaneous energy release
Ref. 2
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FANNING

Shear stress
Dynamic pressure

21-

OF,-,

"r, shear (friction) stress, m/t_t ""

p, mass density, m[[ 3

V, velocity,/'It
Friction flow

See Euler, Newt.n

Ref. 13, 16

FEDEROV

,,
d, partich" diameter, c:

g, gravitational acceleration, (/t'-'

p, mass density of fluid, m/F :_

/a, absolute viscosity of fluid, m!d t

h_ll, spec'itic gravity of particles, I

hi:, specitiv gravity of fluid, 1
l"luidized beds

Similar to Ar_'himedes

Ref. 30
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FUEGNER

Q., (cl, T) 1/2

A (p + pV"- )

Q,,, mass flow rate, m/t

cp, specific heat at constant pressure, _'-'/t2T

T, absolute temperature, T

A, flow area, (_

p, static pressure, m/(t 2

p, mass density, m/_ 3

V, velocity, (/t

Compressible flow
Ref. 30

FLOW

Q,,, volume flow rate, _3/t

N, rotational speed, l/t

D, impeller diameter, (
Fans, turbines, etc.

Ref. 30

ND 3
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FOURIER (heat transfer)

A COMPI|.ATION OF NOND1MENSIONAI, NtiMBERS

k, heat conductivity, m(/t3T

t, time, t

cp, specific heat at constant pressure, t_2/t2T

p, mass density, m/_ 3

f, characteristic length, t_

Unsteady state heat transfer
Ref. 30

FOURIER (mass transfer)

D, mass diffusivity, (2/t

t, time, t

t, characteristic length,

Unsteady state mass transfer
Ref. 30

Dt

t_2
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FROUDE

Inertia force

Gravity force

V 2

g_

sometimes:

V, velocity, t_/t

g, gravitational acceleration, t_/t 2

t _, characteristic length,
Surface wave motion

Surface ships

Gravity-affected motions
Ref. 1

445-356 0 - 72 - 4
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FRUEH

b, wing half ch_wd, (

_o,,, firs! t_wsional natural ['requen('y of wing, l/t

_1. soni_ speed, {/t

('l .... wing lift curve slope, l

kt, mass rarity, 1

III

IA" -- pff)-2

m. v_ing mass/length, m/(

p, mass densily of air, ltt/_( :_

Transonic wing flutter

Ref. 27
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GALILEO
Gravity force

Viscous force

g(3

//2

g, gravitational acceleration, g/t 2

¢_, characteristic length, C

v, kinematic viscosity, _2/t

Slosh of liquids, free flow

Ref. 1

GOUCHER

Gravity force

Surface tension force

R(pg_ 1/2

\2o-]

R, wire radius, g

p, mass density, m/d _:_

g, gravitational acceleration, _f/t 2

o-, surface tension, m]t 'z

Coating

See Deryagin, Bond, E6tv6s

Ref. 30
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GRAETZ

A C(}MPILATION OF NONDIMENSIONAL NUMBERS

Thermal capacity of fluid

Conductive heat transfer

Q_ttCp

kt _

Q,,,, mass flow rate, m/t

%, specific heat at constant pressuie, f'-'/t2T

k, heat conductivity, mt_/t3T

(, characteristic length, (
Conductive heat transfer in streamline flow

Ref. 3

GRASHOF

Inertia force X Buoyant force
(Viscous force) _

p2gd'_flAT
I,.lb2

p, mass density, m/g 3
g, gravitational acceleration, (/t"

(, characteristic length, (

/3, temperature coefficient of w_lume expansion, 1/7'

AT, temperature difference, T

/x, absolute viscosity, m/dt
Free convection

Ref. 3
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GRAVITY

Gravity force
Filtration force

k, permeability, t_
g, gravitational acceleration, _/t 2

Ap, mass density difference between fluids, m/t _:_
g, absolute viscosity of reference fluid, m/_t

V, reference velocity, t_/t

Two-phase flow in porous media
Ref. 21

GUKHMAN

T_, temperature of ambient gas, T

Ts, wet bulb temperature at moist surface, T

Evaporation from moist surface
Ref. 10
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HALL

._, _()MPII..VFION ()1." N()NI)IMENSIONAI. NI MBI_t_S

(.tit

w, cyclotr_m frequency, 1#

r, average free path/average velocity, t

Magnetohydrodynamics
Ref. 30

HARTMANN

Magnetic force

Viscous force

no-l,12tf

f£1/2

B. magnetic induction, m/Qt

o-, electrical conductivity, Q2t/mt _3

(, characteristic length, ¢_

/x, absolute viscosity, m/ft

Magnetohydrodynamics
Ref. 30
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HEATTRANSFER

/_/, heat flow/time, m_?2/t 3

p, mass density, m/t +3

V, velocity, t_/t

d, characteristic length, t
Heat transfer in stream

Ref. 30

HEDSTROM1

o'o, stress at elastic yield, m/t_t 2

p, mass density, m/_ 3

d, characteristic length, t+

gp, absolute viscosity in plastic state, m/t_t

Flow of Bingham type plastics

Equals Reynolds × Bingham
Ref. 11
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HEDSTROM2

o-0, stress at elastic yield, m/_t'-'

_, characteristic length, t_

/xp, absolute viscosity in plastic state, m/t_t

V, average velocity, f/t

Flow of Bingham type plastics

Equal to Bingham
Ref. 11

HERSEY

Viscous force

F

Load force

F, load on bearing, m(/t"-

g, absolute viscosity, m/(t

V, bearing surface speed, f/t

_, bearing length,/'

Bearing lubrication

See Ocvirk, Sommerfeld
Ref. 30
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HODGSON

Time constant of system

Period of pulsation

V_rAv
Q,,p

V, volume of system, _3

f, pulsation frequency, lit

Ap, pressure drop, m/tt '_

Q,,, volume flow rate, t_3/t

p, average static pressure, m/t_t '_

Pulsating flow

Ref. 29 definition only

HOOKE

V, speed, t/t

a, sonic speed, t_/t

Compressible flow

Equals (Mach) 2

Equals Cauchy
Ref. 30

Inertia force

Elastic force

V 2

_2 2
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J FACTOR(heat transfer)

cpG

h. heat transfer coemcient, m/t'3T

cp, specific heat at constant pressure. ("/t"T

G, mass transfer, mass/area x time. m/('-'t

/x, absolute viscosity, m/(t

k, heat conductivity, md/t:_T

Heat and mass transfer

Ref. 30

J FACTOR (mass transfer)

k,., mass transfer _'oemcient, / /t

p, mass density, m/( :_

G, mass transfer, mass/area x time. m/g _t

/x, absolute viscosity, m/dt

D, mass diffusivity, d'-'/t

Mass transfer

Ref. 30
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JACOB

h

%AT

h, heat of evaporation, t°"z]t 2

%, specific heat at constant pressure, _"]t2T

AT, temperature differential, T
Ref. 16

JAKOB

(To- T_,t) Plc t,
_,pr

To, bulk liquid temperature, T

T_at, saturation temperature, T

%, specific heat at constant pressure, _'z/t'ZT

pt, mass density of liquid, m/¢ "3
p,,, mass density of vapor, m/_ '_

_., latent heat of vaporization, ¢'"/t 2
Boiling
Ref. 10
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JEFFREY

Gravity %rce
Viscous force

pg/ '-'

IxV

p, mass density, m/t 3
g, gravitational acceleration, E/t"

E, characteristic length,

/x, absolute viscosity, inlet
V, velocity, (/t

Slow flow

Equals Reynolds/Froude

Equals 1/Stokes
Ref. 17

JOULE

Joule heating energy
Magnetic field energy

2p%AT
ttH-'

p, mass density, m/( :_
cj,, specific heat at constant pressure, _-'/t-'T

AT, temperature difference, T

g, magnetic permeability, m¢/Q-'

H, magnetizing force, Q//t

Magnetohydrodynamics
Ref. 30
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KARMANI

p, mass density, ml_ :_

p, pressure drop, ml_t "z

d, pipe diameter,

#, absolute viscosity, m/t_t

,l', characteristic length,
Pipe flow with friction

Ref. 29 definition only

KARMAN 2

Flow speed

Alfv6n wave speed

V, flow speed, c_/t

p, mass density, m/_ ';_

/x, magnetic permeability, m¢/Q 2
_, magnetic induction, m/Qt

Magnetohydrodynamics

Equals Alfv6n, Magnetic Mach
Ref. 30
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KIRPICHEV(heattransfer)

External heat transfer intensily
Internal heat transfer intensity

kAT

/_/, specific heat flow, heat/area time. m/t :_

¢. characteristic length,

k, heat conductivity, m//t:_T

AT, temperature differential, T

Heat transfer

See Nusseh
Ref. 10

KIRPICHEV (mass transfer)

External mass transfer intensity

Internal mass transfer intensit_

G/

DpAt_

G. mass of moisture evaporated/area time, m/f _t

_, charaCqeristie length,
D, mass diffusivity of moisture in body, _ "#

p, mass density, m/_ :3
Ap,, change in moisture in I_ody, m/m, 1

Moisture evaporation from porous bodies

Ref. l0
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KIRPITCHEFF

p, mass density of fluid, m//':_

F, resistance force on immersed body, m//t"

/x, absolute viscosity of fluid, m/cQ
How over immersed bodies
Ref. 30

KNUDSEN

Molecular mean free path

Characteristic body length

L
?-

L, mean free path of molecules, t

/, characteristic body length, /
Rarefied gas flow

Equals K x Mach/Reynolds, where K = 1.28 _c%/c,,
Ref. 2
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KOSSOVICH

(X)MPII_ATION OF NONDIMENSIONAI. NIr'dBI£RS

Heat to evaporate moisture
Heat to raise body temperature

HeALI

cAT

H,,, specific heat of evaporation of liquid,/'-'/t"

Au, change in moisture content of body, re�m, 1

c, specific heat of body, / "-'/t'-'T

AT, body temperature change, T

Evaporation of moisture from porous bodies
Ref. 10

LAGRANGE1

Pressure force
Viscous force

Ap/

_V

Ap, pressure drop, m//t 2
_'. characteristic length, t"

/z, absolute viscosity, m/dt
V, velocity,/'/t

Laminar flow

Equals Euler × Reynolds
Ref. 1
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I.AGRANGE2

P

P, power input to agitator, m(%'/t :_

/x, absolute viscosity, m/_t

(, characteristic length,/_

to, rotational speed of agitator 1/t

Rotating agitators

Ref. 29 definition only

LAVAL

V

V, flow velocity, ¢_/t

V,,, maximum velocity-obtained when flow is expanded to zero abso-

lute temperature:

T, specific heat ratio, cp/cv, 1
R, gas constant, t2/t2T

Tt, total (stagnation) temperature, T

Compressible flow

Equals Crocco
Ref. 30

445-356 O - "/2 - 5
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_ROUX

p, local static pressure, m/¢_t 2

pc, fluid vapor pressure, m/t_t 2

p, mass density, m/¢ _3

V, velocity, g/t
Cavitation

Equals Cavitation Number
Ref. 29 definition only

2(p --Pc)

pV _

LEVERETT

Characteristic dimension of interfacial curvature

Characteristic dimension of pores

k, permeability, c"_z
p, porosity, volume of voids/total volume, 1

p_, capillary pressure, m/(t 2

or, surface tension, m/t 2

Two phase flow in porous media
Ref. 30
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LEWIS

Mass diffusivity

Thermal diffusivity

k

D, mass diffusivity,/_/t

p, mass density, m/¢ :_

cj_, specific heat at constant pressure, ¢z/t2T

k, heat conductivity, m¢/t:_T
Combined heat and mass transfer

A fluid property

Equals Prandtl/Schmidt

Equals Semenov

Sometimes given as reciprocal of above
Ref. 10, 13, 16

LORENTZ

Magnetohydrodynamics

Equals Einstein
Ref. 30

Fluid velocity
Velocity of light
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LUIKOV

A C()MPII_ATION OF NONI)IMENSI()NAI_ NUMBERS

Moisture diffusivity in porous body

Thermal diffusivity in porous body

Moist, porous bodies
Ref. 10

LUNDQUIST

o'H( #.t3i2

p 1/2

o-, electrical conductivity, Q2t/m(3

H, magnetizing fiJrce, Ql(t

t, fluid layer thickness, (

#x, magnetic permeability, m I/Q"

p, mass density, m/( 3

Magnetohydrodynamics
Ref. 30
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LYKOUDIS

p _gflAT)

/z, magnetic permeability, mf/Q 2

H, magnetizing force, Q� dt

o-, electrical conductivity, Q 2t/m _'a

p, mass density, m/_3

t, characteristic length, ¢_
g, gravitational acceleration, _a/t2

fl, temperature coefficient of volume expansion, 1/T

AT, temperature differential, T

Magnetohydrodynamics
Ref. 30

t&_CH

V, velocity, d/t

a, sonic velocity, C/t

Compressible gas flow

Equals (Cauchy) 1I'_
Ref. 1

Inertia force

Elastic force

V

a
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MAGNETIC-DYNAMIC

Magnetic pressure

Dynamic pressure

_VB2(

pV 2

o', electrical conductivity, Q'Zt/md'_

V, velocity, d/t

B, magnetic induction, m/Qt

¢_, characteristic length,

p, mass density, m/d 3

Magnetohydrodynamics
See Magnetic Pressure
Ref. 2

MAGNETICFORCE

Magnetic force

Inertia force

g2H2o-_

pV

/x, magnetic permeability, mC/Q 2

H, magnetizing force, Q/dt

tr, electrical conductivity, Q2t/mC3

p, mass density, m/_ 3

V, velocity, d/t

¢_, characteristic field dimension, _'

Magnetohydrodynamics

See Magnetic Pressure
Ref. 30
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MAGNETIC INTERACTION

gH_R

2o-

g, free space permeability, mc_/Q 2

H, magnetizing force, Q/C_t
R, tank radius,

o', surface tension, m/t 2

Dynamics of ferro fluids
Ref. 28

MAGNETIC MACH

Flow speed

Alfv6n wave speed

V(pg) '/"
B

V, flow velocity, f/t
p, mass density, m/f 3

/z, magnetic permeability, mf/Q 2

B, magnetic induction, m/Qt
Magnetohydrodynamies

Equals Alfv6n, 1/Cowling
Ref. 2



68 A (X)MI'II_AT1ON OF NONI)IMI'_NSI()NAI, \I]\IBERS

MAGNETIC PRANDTL

g, magnetic permeability, md'/Q _

o', electrical conductivity, Q2t/m¢ _3

u, kinematic viscosity,/2/t

Magnetohydrodynamics

Ref. 29 definition only

MAGNETIC PRESSURE

Magnetic pressure

Dynamic pressure

_H _

pV _

/.t, magnetic permeability, m(_/Q "-'

H, magnetizing force, Q//t

p, mass density, m/( 3

V, velocity, (/t

Magnetohydrodynamics

See Magnetic Dynamic
Ref. 30
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MAGNETICREYNOLDS

Motion induced magnetic field
Applied magnetic field

cr//d/z

o-, electrical conductivity, Q"t/md 3
V, velocity, t'/t

/, characteristic length, d

g, magnetic permeability, m/TQ-'
Magnetohydrodynamics
Ref. 2

MARANGONI

bor AT d e

AT A_ gD

Act�AT, surface tension-temperature coefficient, m/t='T

AT/A_, temperature-length gradient, T/(
d, fluid depth, t_'

/x, absolute viscosity, rn]_:t

D, thermal diffusivity,/"-'/t

Cellular convection due to surface tension gradients
Ref. 26
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MASS RATIO

Mass of immersed body
Mass of surrounding fluid

rn, mass of body, m

p, mass density of fluid, m/( :_

f. characteristic body length, /

Airplane flutter and stability
Ref. 8

McADAMS

h 4_lxAT

J,"_p "-'gH

h, heat transfer coemcient, m/t3T

/', characteristic dimension, _'

/x, absolute viscosity, m/_t

AT, temperature difference, T

k, heat conductivity, met/taT

p, mass density, rn/f 3

g, gravitational acceleration, / / t _
H, latent heat of condensation, c_"/t "-'

Condensation

Ref. 30
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MERKEL

Mass of water transferred/unit humidity difference

Mass of dry gas

MA W

Vm

M, mass transfer rate, mass/area time, m/C_">t

A, cooling surface area/volume, 1/P

W, total volume, (3

V,,,, mass flow rate of gas, mlt

Cooling towers
Ref. 30

MOMENTUM

Mt <

t,AV

M, momentum flux, t_"/t z

c_, thickness of layer, t
v, kinematic viscosity, t_2/t

AV, velocity difference, t/t

Convection in ocean and atmosphere
Ref. 22
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MORTON

p_

g, gravitational acceleration, //t"

/x, absolute viscosity, m/(t

/9, mass density, m/( '_

o-, surface tension, m/t"
Bubble movement

Ref. 19

N_t_ZE

Magnetohydrodynamics
Ref. 30

Alfv6n wave speed

Sonic speed
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NEWTON

F, force on immersed body,_md/t 2

p, mass density of fluid, m/¢ '3

¢', characteristic length, _'

V, velocity, d/t
Forces on immersed bodies

Ref. 13

NO NAME 1

Weight
Stiffness

_r_
E

or, weight density, m/_2t 2

_, characteristic length,

E, modulus of elasticity, m/t_t 2
Structural merit

Ref. 8
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NO NAME 2

Stiffness

Aerodynamic force

2E

pV 2

E, modulus of elasticity, m/_t 2

p, mass density, m/¢ _3

V, velocity, d_/t

Aeroelasticity
Ref. 8

NO NAME 3

Capillary pressure

V/.t(
kl/2o r cos 0

Flow in porous media
Ref. 2

Viscous pressure

V, velocity, (It

g, absolute viscosity, m/_'t

(, characterislic length, ('

k, permeability, U z

o', surface tension, m/t 2

O, contact angle, 1
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NO NAME 4

Viscous pressure

Gravity pressure

Vp.

(kd_.) 1/2gAp

V, velocity, d/t

/_, absolute viscosity, m/t_t

kl,, hmgitudinal permeability, d z

kn, horizontal permeability, _2

g, gravitational acceleration, d/t 2

Ap, mass density difference between fluids, m/d 3

Two phase flow in porous media

Ref. 2

NO NAME 5

Viscous force

Surface tension force

gDV

o'('

/x, absolute viscosity, m/Ft

D, bubble or drop diameter.

//, velocity. Fit

or, interfacial tension, m/t z

(, charaeleristic lenglh,

Two phase flow

Disperse media

Ref. 21
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NUSSELT (heat transfer)

Total heat transfer

Conductive heat transfer

h /

/,AT

h. Ileal transferred/area x time, m/t :_

{. characteristic length, t"

k, tleat conductivity of gas, mt/t:_T

:XT'. temperature difference (wall-gas stream), 7"

(].nvcctive heat transfer

Ref. 14

NUSSELT (mass transfer)

Mass diffusivity

Molecular diffusivity

]_'ctf

D.,

k,., mass transfer coefficient,/'/t

(, characteristic length, d'

D .... molecular diffusivity, ("-/t

£. = r/p I"

r. fluid shear stress at surface, m/Ft'-'

p, mass density of fluid, m/F ':_

V, fluid velocity, d/t "

Mass transfer

Same as Sherwood

Ref. 13
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NUSSELTFILMTHICKNESS

p, mass density, m/F :_

g, gravitational acceleration, d/t 2

/x, absolute viscosity, m/dt

dr,, film thickness,/"

Falling films
Ref. 30

OCVIRK

Bearing load force

Viscous force

F

F, bearing load/length, m/t _

/z, absolute viscosity, m[_t

V, surface speed, t_/t

c, clearance width, d

r, shaft radius,

D, shaft diameter, d

b, bearing length, ¢_
Bearing lubrication

See Hersey, Sommerfeld
Ref. 30
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OHNESORGE

A (;()MPII=ATION OF NONDIMENSI()N_I. NI MI_;Ir;RS

Viscous force

Surface tension force

( dpo-)ll'2

/.L, absolute viscosity, m/dt

(, characteristic length,

O, mass densily, m/f 3
o', surface tension, m/t 2

Capillary jets

Low-g slosh

Ref. 18, 30

PARTICLE

U, terminal, free fall velocity of particle, (It

V, fluid velocity, ¢/t

g, gravitational acceleration, (/t"

(, characteristic length, _'

Dust deposit in ducts

Similar to Froude

Ref. 6
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PECLET(heat transfer)

lteat convection

Heat condueti(m

pcpVt _

k

p, mass density, m/t a

%, specific heat at constant pressure, t_2/t"T

V, velocity, e/t

,', characteristic length, t_'

k, heat ronductivity, md'/t:_T

Forced convection

See (;raetz

Equals Reynolds/Prandtl

Ref. 3

PECLET(mass transfer)

Bulk mass transfer

Diffusive mass transfer

dV

D

tf. characteristic length, t _

V, velocity, t/t

D, mass diffusivity, _2/t

Equals Reynolds/Schmidt

Mass transfer

Ref. 30
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PIPEUNE

A C()\|]_II.ATION OF NONI)IMENSIONAI. N[ MBI_IRS

Maximum water hammer pressure rise

2 x Static pressure

aV

2gH

a, pressure wave velocity, te/t

V, fluid velocity, ¢_/t

g, gravitational acceleration, _/t 2

H, static head, t_
Water hammer

Ref. 30

PLASTICITY

Yield stress

Viscous stress

/xV

o', stress at elastic yield, mitt 2

t_, characteristic length, t _

/x, absolute viscosity in plastic state, m/_t

V, velocity, t_/t

Flow of plastics

Equals Bingham
Ref. 30
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POISEUILLE

Pressure force

Viscous force

D_ @
/xV dl

D, pipe diameter, ¢_

/.t, absolute viscosity, m/_t

V, velocity, t_/t

dp/d_, pressure gradient, m/12t 2
Laminar fluid friction

Ref. 30

POISSON

Lateral contraction

Longitudinal extension

E

2G

E, tension modulus of elasticity, m/_t 2

G, torsion modulus of elasticity, m/¢_t _
Elasticity

Deformation of solid bodies
Ref. 9
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POMERANTSEV

H/_

kAT

H, heat liberated/volume time, m/(t 3

¢_, characteristic length, (

k, heat conductivity, mt/t3T

AT, temperature difference, T
Heat transfer with heat source in medium

Ref. 30

POSNOV

o'AT

AM

o', thermal gradient, I/T

AT, temperature difference, T

AM, difference of body moisture content, re�m, 1

Capillary-porous, moist bodies

Ref. 10
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POWER

Paddle drag

Inertia force

P, agitator power, mv_2/t 3

f, characteristic length,

p, mass density, m/¢_3

n, rotation speed, 1/t
Agitators, fans
Ref. 30

PRANDTL (heat transfer)

Momentum diffusivity

Thermal diffusivity

Cpft
k

%, specific heat at constant pressure, ¢'2/t2T

/x, absolute viscosity, m/t_t

k, heat conductivity, mg_/t3T
Convection

A fluid property
Ref. 13, 14
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PRANDTI (imass transfer )

Momentum diffusivity

Mass diffusivity

/x

pD

g, absolute viscosity, m/t_t

p, mass density, m� t _3

D, mass diffusivity, t_2/t

Diffusion in flowing systems

A material property

Equals Schmidt
Ref. 30

PRANDTL VELOCITY RATIO

Inertia f_orce _,/2
Wall shear force]

V, velocity, tit

p, mass density, mlt _3

7, wall shear stress, rnlt_t 2
Turbulent flow

See Fanning

Ref. 29, definition only
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PREDVODITLEV

Rate of change of temperature of medium

Rate of change of temperature of body

F_ 2

aTo

F, rate of change of temperature of medium, Tit

#, characteristic length, #

a, thermal diffusivity, #'2/t

To initial temperature of body, T

Heat transfer of immersed body
Ref. 30

RADIATION PRESSURE

Radiation pressure

Gas pressure

GRT 4

3p

an, Stefan-Bohzmann constant, m� _t"T a (7.67 x 10 -_ erg/cm 3 °K4)

T, temperature, T

p, pressure, m/ #t 2

High temperature gas flow
Ref. 23
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RAYLEIGH

Gravity

Thermal diffusivity

%, specific heat at constant pressure, ¢_2/t"T

p, mass density, m/d 3

g, gravitational acceleration, (/t'-'

t _, characteristic length, d

/3, volume expansion coefficient with temperature, 1/T

AT, temperature difference, T

g, absolute viscosity, m� dt

k, heat conductivity, mt_/tST
Free convection

Equals Prandtl x Grashof

Ref. 2, 16
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REECH

Gravity force

Inertia force

ge e
V"

g, gravitational acceleration, celt"

ee, characteristic length, ee

V, velocity, ee/t
Surface boats

Gravity affected motions

Equals 1/Froude
Ref. 30

REGIER

b, wing half chord, ee

to, angular frequency, 1/t
a, sonic speed, ee/t

g, mass ratio, 1

m, wing mass/length, m/g

p, mass density of fluid, m/ee z
Transonic wing flutter
A modified Strouhal

Ref. 27
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REYNOLDS

A COMPII.ATION OF NOND1MENSIONAI_ NL MBERS

Inertia force

Viscous force

pVf

IX

p, mass density, m� fz

V, velocity, fit

f, characteristic length, f

IX, absolute viscosity, m/ft
Flow of real fluids
Also caned Damki_hler's Fifth

Ref. 1

RICHARDSON

Buoyant force
Turbulent force

gfAp
2q

g, gravitational acceleration, f/t"

f, characteristic length, f

Ap, density difference, m/f3

o, dynamic pressure, pV"/2, m/ft 2

V, velocity, f� t

Atmospheric shear
Ref. 12
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ROSSBY

Inertia force

Coriolis force

V

2tog

V, velocity, t_/t

to, angular velocity, 1#

t_, characteristic length, ¢_
Air and ocean currents

Fluid spinup

Ref. 2, 15



9O

RUSSELL

A (;t}MPILAT1ON OF NONI)IMENSION_I. NI MBERS

Inertia force

Buoyancy force

Nh

U, wind speed, [/t

h, height of obstacle, ¢
N, natural vertical frequency of an element of fluid about its equi-

librium altitude in a density stratified atmosphere, 1/t:

( g dp_ 1''2
fV

\-p dt/

g, gravitational acceleration, (/t'-'

p, mass density, m/( 3
z. vertical coordinate, (

Waves in stratified flow

Ref. 33
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SACHS

rpol/3

E1/3

r, distance from explosive to reference point, t¢

po, atmospheric pressure, m/C_t z

E, explosive energy, mC_2[t z

Surface explosions
Ref. 31

SARRAU

V, velocity, t/t

a, sonic velocity, te/t
Compressible flow

Equals Mach
Ref. 30

Inertia force

Ehstic force

V

a
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SCHILLER

A COMPILATION OF NONDIMENS1ONAI_ NUMBERS

Flow over immersed bodies

Ref. 13

Reynolds _ 1t_
2 × Newton,'

SCHMIDT

Momentum diffusivity

Mass diffusivity

_z

pD

/x, absolute viscosity, mitt

p, mass density m/C a

D, mass diffusivity, t2/t

Diffusion in flowing systems

A fluid property

Equals Prandt/Lewis, Colburn

Ref. 13, 16



NONDIMENSIONAi_NUMBERS 93

SEMENOV

Mass diffusivity

Thermal diffusivity

Dpcp
k

D, mass diffusivity, e_2/t

p, mass density, m/f 3

cp, specific heat at constant pressure, fz/t2T

k, heat conductivity, md'/t3T
Heat and mass transfer

A fluid property

Equals Lewis, Prandtl/Schmidt
Ref. 30

445-356 0 - 72 - 7
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SHERWOOD

A COMPILATION OF NONDIMENSIONA[, \UMBERS

Mass diffusivity

Molecular diffusivity

]cc_'

D,,

kc, mass transfer coefficient, t_/t

?. characteristic length, t_

D,., molecular diffusivity, t_"/t

k_ = r/pV
r, fluid shear stress at surface, m/t_t "-'

/9, mass density of fluid, m/_ 3

V, fluid velocity, t/t

Mass transfer

Same as Nusselt (mass transfer)

Ref. 13
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SLOSH TIME

o-, surface tension, m/t 2

p, mass density, m/¢ _s

R, tank radius, ¢_

t, time, t

Fluid slosh in low gravity field
Ref. 28

SMOLUCKOWSKI

Characteristic body length

Molecular mean free path

L

4, characteristic length, t_

L, length of mean free path of molecules, t _

Rarefied gas flows

Equals 1/Knudsen
Ref. 29
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SOMMERFELD

Viscous force

Load force

p_2

/xto

P, bearing load/area, m/tt 2

_0, radial clearance/diameter. 1

/z, absolute viscosity, m/t_t

to, angular velocity, 1/t
Lubrication

See Hersey, Ocvirk

Ref. 29, definition only

SPECIFIC HEAT RATIO

Specific heat at constant pressure

Specific heat at constant volume

ce_p
C v

%, specific heat at constant pressure, gez/t2T

c,,, specific heat at constant volume, ¢_z/tz T
Gas flow

A material property
Ref. 2



NONDIMENSIONAI_ NUMBERS 0_

SPECIFIC SPEED

to(Q,,)'l_
(gh) 3/4

to, rotational speed, lit

Q_., volume rate of flow, g3/t

g, gravitational acceleration, _/t 2

h, head produced per stage, ¢_

Pumps
Ref. 30

SQUEEZE

g, absolute viscosity, m/tt

to, angular frequency, lit

p,,, ambient pressure, m/t_t 2

R, radius, d'

c, unloaded film thickness, ¢_

Double squeeze film damping
Ref. 20
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STANTON

A C()MPILATION ()F" N()NI)IMENSI()NAI. N[ MBEI¢_

Heat transferred to fluid

Heat transported by fluid

h

pcpV

h, heat transfer coefficient, m/tST

p, mass density, m/.f 3

cp, specific heat at constant pressure, ("/t2T

V, velocity, f/t
Forced convection

Ref. 3

STEFAN

Heat radiated

Heat conducted

o'AIT 4
AT

kA2 A_

or, Stefan-Bohzmann constant, m/t:_T 4

A_, radiating area, f2

T, temperature, T

k, heat conductivity, mf/t3T

,42, conducting area, f2

AT/Af , temperature gradient, T/f
Heat balance

Ref. 16
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STOKES

Viscous force

Gravity force

/x, absolute viscosity, m/C_t

V, velocity, f/t

p, mass density, m/¢ s

g, gravitational acceleration, t_/t 2

¢_, characteristic length,
Slow flow

Equals 1/Jeffrey
See Galileo, Archimedes

Ref. 16

STROUHAL

Vibration speed

Translation speed

t_to

V

¢, characteristic length, ¢'

¢o, angular frequency of vibration, 1/t

V, translation speed, E/t
Shed vortices

Wind induced vibrations

Ref. 1
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SURATMAN

p, mass density, m/¢ _3
f, characteristic length, t

o', surface tension, m/t z

it, absolute viscosity, m/tt

Particle dynamics
Ref. 30

SURFACE VISCOSITY

/_d

/xs, surface viscosity, m/t

/x, absolute viscosity of liquid, m//t

d, depth of liquid layer, t _

Convection cells in liquid layers with surfactants
Ref. 35
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TAYLOR

Centrifugal force

Viscous force

to2d 4

1)2

to, angular velocity, lit

d, clearance between cylinders, ,(_

u, kinematic viscosity, (/t

Stability of flow between rotating cylinders

Ref. 2

THOMA

Pressure margin above cavitation

Pressure rise in pump

Pl -- Pv

P2 m Pl

p_, total pressure at pump inlet, m/Ut 2

p._, total pressure at pump outlet, m/_t 2

p_,, vapor pressure, m/(t 2

Liquid pump cavitation

See Cavitation

Ref. 16
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THOMSON

tV

t, characteristic time, t

_, characteristic length,

V, velocity, c'_/t
Ref. 30

THRING

Bulk heat transport

Radiative heat transport

pcpV

e-oT 3

p, mass density, ml( 3

Cp, specific heat at constant pressure, (21tZT

V, velocity, g/t

e, surface emissivity, 1

r/, Stefan-Bohzmann constant, m/T4t 3

T, temperature, T

Radiation

Equals Bohzmann
Ref. 30
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TOMS

Fuel weight

Air drag

Q, fuel rate (weight/time), mf/t 3

p, mass density, rn/f 3

V, velocity, fit

f, characteristic length, f

Airplane merit
Ref. 5

TRUNCATION

/.t, absolute viscosity, m/ft

a, shear strain rate, 1/t

p, pressure, m/ft 2
Viscous flow

Ref. 30

S'hear stress

Normal stress

/.£t_

p
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VISCOELASTIC

Elastic force

Viscous force

G

co/x

G, shear modulus of elasticity, m/(t 2

_o, frequency, 1/t

g, absolute viscosity, m/(t

Dynamic viscoelasticity

Ref. 9

WEBER

Inertia force

Surface tension fl)rce

pV2(
(7"

p, mass density, m/d 3

V, velocity, t_/t

(, characteristic length,

or, surface tension, m/t 2

Capillary flow
Slosh

Ripples
Ref. 2
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WEISSENBERG

'(M-X2)V
D

V, velocity, ¢_/t
D, iet diameter,

hi, _, time constants, t, from:
_-+ x,_-=- _(a + x.,A)

T, shear stress, m/(t 2
/_, zero shear viscosity, m/(t
A, rate of deformation, lit

, d[dt

Viscoelastic jets
Ref. 18
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Aeroelastieity

Frueh. 46

Mass Rati., 70

No Name 2, 74

Regier. 87

Strouhal, 99

Bearings

t|ersey, 52

Ocvirk, 77

Reymdds, 88

Sommerfeld, 96

Squeeze. 97

Boiling

Bubble Nusseh, 17

Bubble Reynolds. 17

Jakob. ,55

Mort.n, 72

Bubbles

Bubble Nusseh, 17

Bubble Reynolds, 17

Jakob. 55

Morton, 72

Bu.yanl Force

Archimedes. l0

Buoyancy, 18

Capillarit y-Bu.yancy, 20

Richardson, 88

Russell. 90

('apillary flow

Blake. 13

Bond. 15

Capillarity 1, 19

Capillarity 2. 19

C apillarit y-Buoyane y, 20

Capillary, 20

Deryagin, 32

Ei;tvi;s, 39

Gravity, 49

Kirpichev (mass transferl, 58

Koss.vieh. 60

I.everell, 67

I.uikov, 64

No Name 3, 74

Index

No Name 4, 75

No Name 5, 75

I}.snov, 82

Weber. 104

Capillary jets

Bingham. 12

Deborah, 31

Elasticity 1,35

Ellis, 38

Hedsm.m 1, 51

Hedsmml 2, 52

Ohnes.rge, 78

Plasticity. 80

Weissenberg, 105

Cavitation

Cavitation. 22

l,eroux, 62

Thoma, 101

Centrifugal Force

Centrifuge, 22

Ekman, 34

Tayhw, 101

Chemical reactions

Arrhenius, 10

Damkl;hler's First, 27

Damkl;hler's Second, 28

Damkl;hler's Third. 28

Damkiihler's Fourth, 29

Compressible flow

Aeceleralion, 9

Cauehy, 21

Croeeo, 26

Duhmg, .32

Eckert, 33

Fliegner, 43

Hooke, 53

lmval, 61

Math, 65

Sarrau, 91

Specific Heat Ratio, 96

('ondensalion

Condensation I, 24

Condensalion 2, 24

McAdams, 70
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Condueti(.n Energy

Brinkman. 16 Arrheniu'_. 1(I

Damkl;hler's F.)urth, 29 Duhmg, :_2

(;raetz. 48 Evkert, 3?,

Nusseh (iwal iranstk-rL 76 Entrainment

t'eelet (heat transfer). 79 &rchinledes, I0

Stefan. 98 Ba,,_n.dd. 1 t

Convection Blake, 13

Buoyancy, 18 Bubble Nusseh, 17

Crispation, 25 Bubbh" Reyn.dds, 17

Grash.d'. 48 Buoyancy. 18

Marang.ni. 69 Fr..ude, 45

Motnentum, 7 [ Pariieh,, 78

Nusseh (heat transfer), 76 Evaporation

Peele! (heat transferl. 79 Buly_in. IF,

Prandtl (heal transfer). 83 Evapnralion 1. 411

Raylei._h. 86 Evap.)rali.n 2. 411

Stant.n. 98 Evap,,rali,m-Elasli,"ity. 41

Surface Viscosily. 100 (;ukhnian. 49

(_urved flow Kirpiehev Imass IransferL 58
Knssovieh. 6ll

Centrifuge, 22
Dean. 30 Merkel. 71

Ekman, 34 Exld.si.ns

Rossby, 89 Ext,l-sion, 41

Tayh,r, 1(11 Sachs. 91
Fali_

Diffusion ( :avitali..n, 22

Cnlburn, 23 Fh.w. 43
Damk/;hler's Se(',)nd. 28

I.agran)_(' 2, 61

Fourier, 4,1 Power. 83
J Fa<'lor (mass transfer), 54

Sl)e('ific Sl,('ed. (.)7
Kirpichev. 58 Fluidization

I,uik()v, 04 Ar('hiin(.(les. l0

Nusseh (lnass lransf'er}, 76 Blake, 13

I)eelel (mass transfert, 79 Feder()v. 'i2
l)randt] (mass tralisfer). 84

(;ravit) fnr('e wilh

Raylei.gh. 86 Filtrali.n for('e--(;ravity, 49

Schmidt, 92 lnertiai'.rce B.)ussinesq, 16
Semem,v, 93

Inertia f,)r('e-- }:i,)ude, 4,5
Sherwood. 94

Inertia f.ree- Reech, 87

Dusly flow Inertia f,)r('e-- Russell. 90

Bagnol(I, I ] Surface tensi()n l,)ri'e- Bond, 15

Bou_uer, 15 Sur|ace iensi(m force-Eiilvlis. 39

Eleetrovise,,us, 37 Surface tensi(m I()r(','- (;ou('her, 47

I)artiele. 78 Thermal diffugvi! y - Rayleigh, 86

Elastic f(,ree wiih Vis(',)u:- for('e-(',alileo. 47

Elasii,.'ily 1.35 Viscous D(r('e--JefFrey. 56

Elasticity 2.36 Vis('ous |'()r('e-- N(, Name 4.75

Inertia force Cauehy, 21 Vis('ou>. f()r('e-._tokes. 99

Inertia force-- Maeh, 65 Ileal Iransler

Inertia force- Sarrail, 91 Itansen, l l

Visvotis f,,ree-Viseoelastie, 104 t/i,,i {tn'al lransf('rL 12
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Boltzmann. 14

Bouguer. 15

Brinkman. 16

Buly_in. 18

(]arn.t, 21

Condensation I and 2.24

Damki;hler's Third. 28

Damki;hler's Fourth. 29

Evaporation 1.4(I

Evaporation 2.4(1

Evaporati.m-Elastieiiy. 41

Fourier (heat transfer). 44

Graetz. 48

(;rashof. 48

tieat Transfer. 51

J Factor (heat transfer), 54

.Jacob. 55

Jak.b, 55

Joule, 56

Kirpichev <heat transfer), 58

Kossovich, 60

l,ewis, 63

I,uikov, 64

Merkel, 71

Nusseh (heat transfer). 76

Pecl_t (heat transfer). 79

P,merantsev. 82

Prandtl (heat transfer}. 83

Predw,ditlev. 85

Rayleigh. 86

Semenov. 93

Stanton. 98

Stefan. 98

Thring. 102

hnmersed bodies

Bagnold+ 11

Billt (heat transfer), 12

Cauehy, 21

Cavitation, 22

Ei;tvi;s, 39

Fliegner, 43

Kirpitcheff, 59

Knudsen, 59

I,aval, 61

l+eroux, 62

Maeh. 65

Mass Ratio. 70

Morton. 72

Newton. 73

PredwMitlev. 85

Reynolds. 88

Schiller. 92

Smoluekowski, 95

Stokes. 99

Suratman. IO0

T,>lns, 11)3

hlertia fi_ree with

Buoyancy force-Russell. 90

Buoyant and viscous fi_rces- (;rashof. 48

Coriolis fi.ree-Russby, 89

Elastic fim'e-(;auchy, 21

Elastic fi_ree- Elasticity 1,35

Elastic fi_rce-Houke, 53

Elastic force-Mach. 65

Elastic furce- Sarrau+ 91

Gravity filrce- Boussinesq+ 16

(,rarity fi)rce - Froude. 45

Gravity filree-Reech, 87

Paddle drag-Pllwer, 83

Pressure filrce-Euler, 39

Surface iensi.n fl.ree-Weber. 104

Viscous force- Blake. 13

Vise,us f, rce-Damki;hler's Fifth. 29

Viscous fi_rce - Reynolds. 88

Wall shear fi_rce-Prandll Velocity

Ratio. 84

I+ubrication

Hersey, 52

Oevirk, 77

Reynolds, 88

Snmmerfeld, 96

Squeeze. 97

Magnetohydrodynamics

Alfv6n, 9

Cowling. 25

Einstein. 33

Ekman. 34

Electric Reymdds. 37

Elsasser. 38

Hall. 50

Hartmann. 50

Joule, 56

KfirmS.n 2.57

I.orentz. 63

Lundquist. 64

l.yk.udis. 65

Magnetic-Dynamic. 66

Magnetic Force. 66

Magnetic Interaction. 67

Magnetic Math. 67

Magnetic Prandll, 68

Magnetic Pressure, 68

Magnetic Reynolds, 69

Naze, 72
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Mass transfer

Biot (mass transfer). 13

Bndenstein, 14

Colburn, 23

Damkiihler's Secqmd. 28

Fqmrier tmass transfer). 44

J Facl.r (mass transfer). 54

Kirpichev Imass transferL 58

Lewis. 63

Merkel, 71

Nusseh Imass transfer). 76

Peclel tmass transferi, 79

Prandtl Imass transfer), 84

Schmidt. 92

Semenov, 93

Sherw,,od, 94

Material pr.perty

Capillarity 2, 19

Colburn, 23

Elasticity 2.36

Elasticity 3, 36

Lewis. 63

Poisson. 81

Prandtl tmass transfer). 84

Schmidt. 92

Semenov. 93

Specific Heat Raft,,. 96

Momentum transfer

Colburn. 23

Prandtl Iinass transfer), 84

Schmidt. 92

Non-Newtonian flow

Bingham. 12

Deborah, 31

Elasticity 1.35

Ellis. 38

Hedstr.m 1.51

Hedstrom 2.52

Plasticity, 80

Viscoelastic. 104

Plastic flow

Bingham, 12

Deborah. 31

Elasticity 1.35

Ellis, 38

Hedstrom 1, 51

Hedstrom 2, 52

Plasticity, 80

Truncation, 103

Viscoelastic. 104

Porous bodieo

Blake. 13
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Bnnd, 15

(iapillarity 1. 19

Capillarity 2. 19

Capillary, 20

Eiit vlis. 39

Gravity. 49

Kirpichev (mass transfer), 58

Kossovich. 60

Leverett. 62

I.uikov. 64

N. Name 3.74

No Name 4.75

Nq, Name 5.75

Posnov. 82

Weber. 104

]_ressure

Cavitation. 22

Darc_. 30

Euler. 39

Fanning, 42

l.agrange 1.60

Magnetic-Dynamic. 66

Magnetic Pressure, 68

Pipeline. 80

Poiseuille. 81

Thoma. 101

Pumps

Cavitatiqm, 22

How, 43

l_agrange 2. 61

IN,wet, 83

Specific Speed. 97

Thoma. 101

Radiati.n

Bansen. 1 I

Boltzmann, 14

Bouguer. 15

Radiation Pressure. 85

Stefan. 98

Thring. 102

Rarefied gas flow

Knudsen. 59

Smoluckowski. 95

Sahation

Bagnoht. 11

Sl,sh

Bond. 15

Centrifuge. 22

E/;tvl;s. ;39

Froude. 45

Galileo. 47

Ohnesorge. 78



SloshTime,95
Weber,104

Stress
Binghanl,12
Fanning,42
Plasticity. 80

Poisson. 81

Truncation, 103

Surface tension with

Buoyancy- Capillarity-Buoyancy. 20

Capillarity 2, 19

Centrifugal fiwce- Centrifuge, 22

Filtration force-Capillarity 1, 19

Gravity force- Bond. 15

Gravity fi_ree- Eiitvils. 39

Gravity fl_rce-Goucher. 47

Inertia force-Weber. 104

Viscous fi_rce-Capillary. 20

Viscous fi)rce-No Name 5, 75

Viscous fl_rce- Ohnesorge, 78

Surface waves

Boussinesq, 16

Froud_', 45

Russell, 90

Weber, 1{_

Tim e

Damkiih!er's First. 27

Deborah, 31

Hodgson, 53

Slosh Time, 95

Thomson, 102

Turbines

Cavitation, 22

Flow, 43

[,agrange 2, 61

Power, 83

Specific Speed, 97

Thorns, 101

Two media flow

Archimedes. IO

Bagnold, 11

Blake, 13

Capillarity 1.19

Capillarity-Buoyancy, 20

Capillary, 20

Gravity, 49

[.everett, 62

No, Name 4, 75

No Name 5, 75

Posnov, 82
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Russell, 90

Velocity

Alfvcan, 9

Cowling. 25

Crucco. 26

Damklihler's First, 27

Einstein. 33

K_irm_in 2, 57

Laval, 61

Lnrentz. 63

Strnuhal. 99

Viscoelastics

Bingham. 12

Deborah. 31

Elasticity 1, 35

Ellis. 38

Hedstrom 1.51

Hedstrom 2, 52

Plasticity, 80

Truncation. 103

Viscoelastic, 104

Weissenberg. 105

Viscous force with

Bearing load- Hersey. 52

Bearing load-Snmmerfeld. 96

Bearing load force-Ocvirk, 77

Buoyant force- Archimedes. 10

Buoyant force- Buoyancy, 18

Buoyant and inertia fiwces-(,rashnf,
48

Capillary pressure-No Name 3, 74

Centrifugal force- Ekman. 34

Centrifugal force-Taylor, 101

Elastic fl_rce- Bingham, 12

Elastic fi_rce-Viscoelastic. 104

Gravity force-Galileo. 47

Gravity force-Jeffrey, 56

Gravity fl)ree- Stokes, 99

Gravity pressure- No Name 4, 75

Inertia force- Blake, 13

Inertia force- Damkl;hler's Fifth, 29

Inertia fl)rce-Reynolds, 88

Magnetic force-Hartmann, 50

Pressure force- Lagrange 1, 60

Pressure force- Poiseuille. 81

Surface tension force-Capillary, 20

Surface tension force-No Name 5.75

Surface tension force-Ohnesorge, 78

Yield stress- Plasticity, 80
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